INTRODUCTION AND OBJECTIVES: Mice lacking one or both alleles of Tamm-Horsfall protein (THP) gene, thus excreting low or no urinary THP, are prone to developing spontaneous calcium phosphate (apatite) crystals in the interstitium of renal papillae, particularly in aged mice. We tested whether increasing urine concentration of phosphorus or oxalate would accelerate renal calcinosis or convert crystals into stones by developing double knockout (KO) mice bearing two genetic alterations: (i) THP deficiency plus hyperphosphaturia, or (ii) THP deficiency plus hyperoxaluria.
METHODS: To produce hyperphosphaturia, THP KO mice were cross-bred with Slc34a (Npt2) KO mice in which the lack of sodium/phosphate cotransporter in the proximal tubules leads to hyperphosphaturia. To produce hyperoxaluria, THP KO mice were cross-bred with Slc26a1 (Sat1) KO mice in which the lack of sulfate anion transporter-1 in the intestine leads to hyperoxaluria. Both crosses of mice were further bred to homozygous status, after which single and double KO mice were compared for renal calcification by von Kossa staining. Urine phosphate and oxalate levels were determined using assay kits (Sigma) and normalized to creatinine.
RESULTS: Single KO mice lacking THP, Npt2 or Sat1 all spontaneously developed intra-renal calcinosis, whereas their wild-type littermates were devoid of intra-renal crystal. Of the single KO mice, THP KO mice had the greatest amount of crystals localized primarily interstitially in the papillae. Npt2 KO mice had moderate amount of crystals that were both intra-tubular and interstitial localized throughout the nephron. Sat1 KO mice had small amount of crystals localized interstitially throughout the nephron. THP/Npt2 double KO mice had significantly more crystals and wider distribution including plugging crystals in the ducts of Bellini and renal pelvis than the single KO mice. THP/Sat1 double KO mice had similar amounts of crystals to the single KO mice but slightly wider distribution in the nephron. Urine phosphate level in THP/Npt2 double KO mice was significantly higher than the single KO mice. Urine oxalate level in THP/Sat1 double KO mice was significantly higher than THP KO mice, but did not differ from Sat1 KO mice.
CONCLUSIONS: These results indicate that, in the absence of THP, hyperphosphaturia significantly shortens the latency and increases the severity of renal calcinosis, while hyperoxaluria only has a moderate effect. Renal calcium oxalate stone formation atop interstitial apatite crystals may require other important factors yet to be identified. oxalate production and increased in urine oxalate excretion. This condition can cause calcium oxalate kidney stones and calcium oxalate deposition in kidney tissue which can lead to kidney failure. Our aim was to recreate a purely endogenous increased of oxalate production with remarkable increased urine oxalate to mimic those levels of patients with PH and to test an oxalate decarboxylase enzyme and its effects on reduction of purely endogenous derived urine oxalate.
METHODS: A0 is an orally administered recombinant oxalate decarboxylase (OxDC) enzyme from Agrocybe aegerita. To demonstrate its effectiveness a 24-day multiple dose IACUC approved study was conducted in male Gottingen pigs to evaluate the effects of administering A0 on an animal model that mimic PH. Eight Gottingen pigs were administered a zero-oxalate oral diet, consisting of 150 mg of food with 7.5 grams of hydroxyproline (HP) twice a day for 5 days. On day 4 and 5 approximately w5000 units of A0 were given to pigs about 15 minutes after consuming HP. Urine (24-hour total collection) was collected daily for analysis. Animals were housed individually and placed in metabolic cages on days that required urine collection. Urine was collected in acid to ensure slowed oxalogenesis from ascorbic acid and other oxalate precursors in urine. All animals received the antibiotic oral gentamicin (2 mg/kg) two weeks prior to and throughout the duration of the study, to ensure that the animals were not colonized by Oxalobacter formigenes.
RESULTS: Hyperoxaluria was achieved in the 8 pigs fed a zero oxalate diet, and purely from endogenous production of oxalate from hydroxyproline. A0 dosing significantly decreased urinary oxalate up to 45% of endogenous oxalate (attributed to the HP addition) and 31% total urinary oxalate (>30% urinary oxalate reduction is considered clinically significant in enteric and primary hyperoxaluria). A0's effectiveness has high catalytic efficiency, with a Km between 50-250 uM and a broad active pH profile, pH 1.5-7.5. There were no related effects (body weight, clinical observations, food consumption etc.).
CONCLUSIONS: Based on these results, A0 is an agent that can reduce urinary oxalate levels from exclusively endogenous sources by way of enteric elimination. One of the most well-studied models of nephrolithiasis utilizes Drosophila melanogaster (DM). Here we introduce a new tool to assay the stone burden in DM. Previous studies have utilized X-ray micro-computed tomography (uCT) to evaluate stones in narcotized, wax-embedded flies. We designed and implemented a novel method for live imaging of DM using uCT. We utilized this tool in a longitudinal, repeated-scanning protocol to visualize and evaluate in 3D the potential of an oxalate-degrading bacterium (Bacillus subtilis strain 168, BS168) to decrease stone burden.
METHODS: One-week old DM adults were reared under standard conditions. DM were administered 10^8 CFU BS168 on day 0, and transferred to 1.0% sodium oxalate food on day 1. The first uCT scan was performed on day 3, and the second was performed on day 7. During scanning, the DM were immobilized under constant CO2 gas flow in a custom designed acrylic apparatus, and scanned for 3 hours using uCT (90 kVp; 70 uA; 0.3 degree incremental angle over 360 degrees; GE Locus MS scanner). A threshold of 700 Hounsfield Units (HU) was applied during analysis, and particles >10 voxels in size were retained for stone quantification.
